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Description 

The present invention relates to an improved cryogenic distillation process for the production of oxygen and nitrogen 
and the integration thereof with a gas turbine. 
s A conventional process for cryogenic separation of air components uses two distillation columns, one being a 

higher pressure column having the upper end in heat exchange relation with the lower end of a lower pressure column. 
Cold compressed air is separated into nitrogen-rich and oxygen-rich liquids in the higher pressure column. Thereafter, 
these liquids are fed to the lower pressure column to yield an oxygen product and a nitrogen product. This process is 
most efficient when the oxygen pressure is relatively low, of the order of about 1 to 2 bar. 
10 US-A-4,224,045 describes the use of air derived from a power turbine as air feed for an oxygen plant using a 

conventional two column process. Since the optimum air pressure of a power turbine is quite high, such as 10 to 18 
bar absolute, the conventional/classical double column process must operate under elevated pressure in the high 
pressure column and low pressure column, thus, producing oxygen and nitrogen under pressure of 2 to 7 bar absolute. 
Relatively good overall efficiency is achieved when the nitrogen product as well as the oxygen product are recom- 
is pressed to higher pressure for further integration with the associated process, such as coal gasification, and direct 
reduction for steel making or power generation, for example. 

Unfortunately, this process has a major drawback in that the oxygen recovery is quite poor when the double column 
process is operated at elevated pressure. For example, an air pressure of 1 6 bar will yield an oxygen recovery of about 
90 % for 95 % oxygen purity and about 5 bar absolute oxygen pressure. For 98 % oxygen content, the recovery drops 
so to about 80 % for the same air and oxygen pressure. Conventional air separation plants operated at 6 bar absolute air 
pressure typically yield a recovery in excess of 99 % of a purity of about 99.5 %. The low recovery results in higher 
power consumption and larger equipment size. 

US-A-3,731 ,495 describes a two column apparatus and process for air separation with a nitrogen-quenched power 
turbine. In this process, air is separated by low temperature rectification using a 10,3-27,6 bar (150-400 psia.) column 
25 and a 3,1-9,7 bar (45-140 psia.) column with nitrogen-rich gas from the latter quenching hot combustion gas prior to 
work expansion of the resulting intermediate temperature gas mixture. However, as this process uses a double column, 
it suffers from the same disadvantages of that of US-A-4,224,045. 

US-A-4,947,649 describes a single column process with a nitrogen recycle stream. In this process high pressure 
air is condensed at the bottom of the column and is fed directly to the column. The nitrogen product is compressed 
30 and a fraction is recycled back to the process to serve as additional reboil and reflux for the distillation column. The 
product recovery can be adjusted by varying the recycle flow rate. This process yields only a small improvement of 
about 1 % in overall power consumption over the process disclosed in US-A-4,244,045. 

Thus, a need exists for a cryogenic distillation process and apparatus for the production and apparatus of oxygen 
and nitrogen at elevated air pressure. A need also exists for such a process and apparatus which can be used efficiently 
35 in combination with a gas turbine. 

WO-A-85/04000 concerns a process and an apparatus for producing pressurized oxygen and nitrogen according 
to the preamble of the independent claims following hereafter. The process uses three columns at different pressures, 
the high pressure column being thermally linked with the bottom of an intermediate pressure column and the bottom 
of a low pressure column. The overhead gas of the intermediate pressure column constitutes the product nitrogen. 
40 Accordingly, it is an object of the present invention to provide an improved cryogenic distillation process and ap- 

paratus for the production of relatively high pressure oxygen and nitrogen products at elevated feed air pressure. 

It is also an object of this invention to provide an improved cryogenic distillation process and apparatus for the 
production of oxygen and nitrogen resulting in a reduced power consumption and smaller equipment size. 

It is, moreover, an objet of the present invention to provide an improved process for the production of oxygen and 
45 nitrogen whereby the totality or a fraction of the feed air can be derived from a power turbine. 

The above objects are provided by a cryogenic distillation process for the production of oxygen and nitrogen, which 
comprises : 

a) cooling at least a fraction of a cleaned and dried feed stream containing at least oxygen and nitrogen and 
50 introducing the same into a high pressure column, and separating the same into nitrogen-rich stream at the top of 

the column and an oxygen-rich stream at the bottom of the column, wherein the overhead of the high pressure 
column exchanges heat with both the bottom of a low pressure column and the bottom of an intermediate pressure 
column ; 

b) introducing at least a fraction of the oxygen-rich stream into said intermediate pressure column to afford a top 
55 liquid fraction and a bottom liquid fraction, the pressure of the intermediate column being lower than that of the 

high pressure column but higher than that of the low pressure column ; 

c) introducing at least a fraction of the liquid fractions A and B into the low pressure column as feed ; 

d) feeding at least a fraction of the nitrogen-rich stream of step a) to the low pressure column as reflux, and 
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e) recovering an oxygen-rich stream product at the bottom of the low pressure column and a nitrogen-rich stream 
at the top of the low pressure column, characterized in that it comprises condensing the top gaseous fraction of 
the intermediate column in a condenser located either in the low pressure column above a bottom reboiler of the 
low pressure column or at the top of the intermediate pressure column to provide reflux for the intermediate pressure 
5 column. 

According to a further aspect of the invention, there is provided an apparatus for producing oxygen and nitrogen 
using a triple rectification column comprising a high pressure column having a feed stream input, heat exchange means 
connecting the upper end of the high pressure column with the lower end of both a low pressure column and an 
10 intermediate pressure column, 

separate conduit means for feeding nitrogen-rich liquid from the high pressure column to the low pressure column 
and an oxygen-rich liquid to the intermediate pressure column, 

separate conduit means for feeding an oxygen-rich liquid product and a nitrogen-rich gaseous product of the in- 
is termediate pressure column to the low pressure column as feeds, 

separate conduit means for discharging nitrogen-rich gas and an oxygen-rich stream from the low pressure column, 

characterized in that it comprises 

20 . condensing means for condensing the nitrogen-rich top gaseous fraction from the intermediate pressure column 
located either in the low pressure column above a bottom reboiler of the low pressure column or at the top of the 
intermediate pressure column. 

Figure 1 illustrates an embodiment of the present invention using a stacked three column arrangement. 
25 Figure 2 illustrates an alternative embodiment of the present invention using a side column. 

Figure 3 illustrates the general integration of an air separation facility with a power turbine in accordance with the 
present invention. 

Figure 4 illustrates an alternative arrangement where the condenser of the intermediate column is detached from 
the low pressure column. 

30 Figure 5 illustrates the McCabe-Thiele diagrams for the present three-column process and the conventional two- 

column process. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

35 In accordance with the present invention, an improved cryogenic distillation process for the production of oxygen 

and nitrogen is provided wherein a significant and advantageous reduction of power consumption and equipment size 
is attained. 

It has been discovered that the use of a three-column process, as opposed to a conventional two-column process, 
affords a surprising improvement in oxygen recovery and power savings when elevated feed air pressures are available 

40 and when the products are needed at relatively high pressure. More particularly, the present process treats an the 
oxygen-rich liquid produced from a high pressure column in an intermediate column before distilling the resulting prod- 
ucts in a final low pressure column. 

The present invention is advantageous as the totality or a fraction of feed air can be derived from a power turbine. 
In orderto restore the balance, nitrogen products from a cryogenic separation unit may be recompressed for reinjection 

45 into the power turbine loop. For example, compressed nitrogen may be mixed with air feed to a power turbine upstream 
of a combustion chamber before expansion for power recovery. Further, compressed nitrogen may be injected into a 
combustion chamber of a power turbine. Also, compressed nitrogen may be mixed with hot gas exiting the combustion 
chamber before expansion for power recovery. 

By adding an intermediate column, it has been discovered that the recovery of oxygen is significantly improved in 

so a process where the feed air is available at relatively high pressure, and the products are needed at relatively high 
pressure. Further, an excellent recovery of oxygen can be obtained in a manner whereby power consumption and 
equipment size is advantageously reduced. 

In more detail, the intermediate column has the lower end thereof in heat exchange with the top of the high pressure 
column, and has the upper end thereof in heat exchange with an intermediate location above the bottom tray of the 

55 lower pressure column. This intermediate column separates the oxygen-rich liquid produced at the bottom of the high 
pressure column into two liquid fractions which are then introduced as feeds to the low pressure column. The low 
pressure column still has the lower end thereof in heat exchange with the top of the high pressure column, therefore, 
its pressure will be essentially the same as the low pressure column of a classical double column process operated at 
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the same air pressure. 

Further, the nitrogen-rich liquid produced at the top of the high pressure column is introduced as reflux to the low 
pressure column. By performing an extra step of distillation in the intermediate column, it is found that the subsequent 
distillation in the low pressure column becomes much more efficient. A comparison of the McCabe-Thiele diagrams of 
£ the two-column process versus the present three-column process illustrates the operating lines of the three-column 
process are closer to the equilibrium curve indicating a much more efficient process (See Figure 5). 

In more detail, the process of the present invention may be described as follows. 

The feed stream may be cleaned, dried and compressed in a conventional manner to remove carbon dioxide and 
water. 

10 As used herein, the term "feed stream" means any gas mixture containing at least oxygen and nitrogen. For ex- 

ample, atmospheric air may be used as well as off-gas mixtures containing nitrogen and oxygen. Other gases, such 
as argon may, of course, also be present in the gas mixture. 

Then, the clean, and dry and compressed feed stream is cooled and introduced into high pressure column, where 
it is separated into a nitrogen-rich vapor stream at the top and an oxygen-rich liquid stream at the bottom. The nitrogen- 
75 rich vapor at the top of the high pressure column is condensed at the bottom of both the low pressure and intermediate 
columns to form a nitrogen-rich liquid. A fraction of this liquid is used as reflux for the high pressure column and the 
remaining fraction of this liquid is fed to the low pressure column as reflux. Of course, some of this liquid may be 
recovered as product. A fraction of nitrogen-rich vapor at the top of the high pressure column can be recovered as 
medium pressure nitrogen product. The overhead of the high pressure column exchanges heat with both the bottom 
20 of the low pressure column and the bottom of the intermediate column. 

Thereafter, the oxygen-rich liquid stream is then optionally cooled and introduced into the intermediate column to 
yield a top liquid fraction A and bottom liquid fraction B. The overhead of the intermediate column exchanges heat with 
the low pressure column at a location above the bottom reboiler of the low pressure column. The pressure of the 
intermediate column is lower than that of the high pressure column but higher than that of the low pressure column. 
25 Then, either a totality or a fraction of liquid fractions A and B are introduced into the low pressure column as feed. 

If desired, liquid fractions A and B may be cooled prior to introduction into the low pressure column. 

Finally, an oxygen-rich stream product is recovered at the bottom of the low pressure column and a low pressure 
nitrogen-rich stream is recovered at the top of the low pressure column. 

For process refrigeration, it is acceptable to use any conventional arrangement, such as air expansion or nitrogen 
so expansion, for example. 

Generally, the air pressure for the feed stream in step a) after compression is in a range of about 8 to 20 bar 
absolute, with the preferred range being about 10 to 18 bar absolute. The intermediate column pressure will normally 
be at a pressure of about 3 to 1 5 bar absolute, with a preferred range of about 5 to 1 3 bar absolute. The low pressure 
column generally will have a pressure of about 1 to 8 bars absolute, with 2 to 7 bars absolute being preferred. 
35 Generally, in introducing the clean and dry compressed air to the high pressure column, the high pressure column 

is maintained at the same pressure as in step a). The air feed is maintained close to the dew point. 
The oxygen-rich stream product may, after recovery, be recompressed for further use. 

Additionally, in accordance with the present invention it is advantageous if all or at least a fraction of the air feed 
stream is provided from a power turbine. However, many other embodiments of the present invention are also advan- 
40 tageous. 

For example, it is advantageous to recompress at least a fraction of the low pressure nitrogen-rich stream of step 
f) for further use in an associated process, or to mix the recompressed nitrogen-rich stream with air feed to a power 
turbine upstream of a combustion chamber before expansion for power recovery. 

Moreover, it is also advantageous to inject the recompressed nitrogen-rich stream into a combustion chamber of 
45 a power turbine, or to mix the recompressed nitrogen-rich stream with hot gas exiting a combustion chamber of a power 
turbine for power recovery. 

Furthermore, in accordance with the present invention, it is advantageous if the recompressed nitrogen-rich stream 
is heated in an associated process before being expanded in a power turbine for power recovery. 

Also, it has been found advantageous in accordance with the present invention to also treat at least a fraction of 
50 the oxygen-rich liquid stream in the intermediate column to produce extra feeds for the low pressure column. 

Further, in accordance with another aspect of the present invention, a cryogenic distillation process is provided 
for the production of oxygen and nitrogen, which comprises: 

a) cooling at least a fraction of a cleaned, dried and compressed feed stream containing at least oxygen and 
55 nitrogen and introducing the same into a high pressure column, and separating the same into nitrogen-rich stream 

at the top of the column, wherein the overhead of the high pressure column exchanges heat with both the bottom 
of the low pressure column and the bottom of an intermediate column; 

c) introducing the oxygen-rich stream into the intermediate column to afford a top liquid fraction A and bottom liquid 



4 



EP 0 538 118 B1 



fraction B, vaporizing a fraction of said liquid fraction B in the overhead condenser of the intermediate column to 
condense the overhead stream of the intermediate column, and then feeding the vaporized fraction of the liquid 
fraction B and the remaining fraction of the liquid fraction B to the low pressure column; and 
d) introducing the liquid fraction A into the low pressure column as feed. 

5 

The present invention will now be further illustrated by reference to an example which is provided solely for the 
purpose of illustration and is not intended to be limitative. 

In accordance with all of the processes and apparati of the present invention, trays and/or structured packings can 
be used as mass transfer means between the liquid and gas fractions in the various columns. 
10 As used herein, the term "tray" refers to any means or device for effecting intimate contact and mass transfer 

between a descending liquid phase and ascending vapor phases. These various tray are well known to those skilled 
in the art. 

The term "tray" as used herein also includes means known such as structured packing or equivalent means which 
are devices equivalent to trays to effect such intimate contact for cryogenic air separation. Examples of structured 
is packing are disclosed, e.g. in U.S. Patents 2,047,444; 4,186,156 and 4,296,050, and Ellis et al, Trans. Instn. Chem. 
Engrs. , 41, 1963, known as Goodloe packings. Such structured packing is known as means to promote liquid and/or 
vapor mixing in a direction perpendicular to the primary flow direction, i.e. the vertical direction. Furthermore, a com- 
bination of trays and packing can be used as mass transfer means. 

20 Example 

The cryogenic distillation process of the present invention can be compared to the process of U.S. Patent 
4,224,045. 

In the following example, the same air feed pressure of about 16 bars absolute is used for both processes, and 
25 the same product from cold box pressure is used for both processes, i.e., about 5 bar absolute. Also, the following 
assumptions are made: 

1) that air is compressed from barometric pressure to the required pressure, 

2) that the oxygen product is compressed from a cold box outlet pressure to 35.5 bar absolute, 

30 3) that the nitrogen product is compressed from the cold box outlet pressure to the same pressure as the feed, and 

4) that the same efficiency exists for all compressors. 



TABLE 1 





U.S. Patent 4,224,045 


Present Process 


% Improvement 


% recovery at 95% 0 2 Purity 


91.2% 


99.4% 


9% 


% revovery at 98% 0 2 Purity 


84% 


93.4% 


11.2% 


Compression power for 95% 0 2 Purity 


100 


92 


8% 


Compression power for 98% 0 2 Purity 


100 


91 


9% 



As may be seen in Table 1 , the present process yields a recovery of 99.4% for a 95% purity of oxygen versus a 
91.2% recovery of the conventional two-column process which represents an improvement of 9%. A comparison of 
compression power yields an improvement of 8% over the conventional two-column process. 

The above 9% and 8% improvements for recovery and power are, indeed, very high for a cryogenic process. The 
present process, therefore, represents a radical and surprising break-through in the application of cryogenic technology. 

It is noted that "recovery" is defined herein as the ratio of oxygen contained in the product over the contained 
oxygen in the feed air. 

In order to further describe both the processes and apparati of the present invention, reference will now be made 
to Figures 1-5. 

In Figure 1, a cleaned, dried and compressed feed stream containing at least oxygen and nitrogen is provided 
through input means to conduit (10), whereinafter at least a fraction of this feed stream is fed through heat exchange 
means (11) and then to the high pressure column (13) via conduit (12). The remaining fraction of the feed stream is 
fed via conduit (14) either directly to the low pressure column or optionally through booster compressor (15) and ex- 
pansion turbine (17) and then to the low pressure column (19) via conduit (18). 

In the high pressure column, the feed stream is separated into a nitrogen-rich liquid stream at the top of the column 
and an oxygen-rich stream at the bottom of the column, wherein the overhead of the high pressure column exchanges 
heat with both the bottom of the low pressure column and the bottom of an intermediate column (28). 
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Then, an oxygen-rich stream from the bottom of the high-pressure column is fed via conduit (20), optionally through 
liquid subcooler (27), to the intermediate column (28), to provide a top liquid fraction A and a bottom liquid fraction B, 
the overhead of the intermediate column (28) exchanging heat with the low pressure column, wherein the pressure of 
the intermediate column is lower than the high pressure column (13) but higher than the low pressure column (19). 

5 Liquid fractions A and B are then introduced into the low pressure column (1 9) as feed. Notably, liquid fraction A 

is passed from the top of the intermediate column (28) to conduit (22), optionally passing through liquid subcooler (27), 
and is fed to the low pressure column (1 9). Liquid fraction (B) is passed from the bottom of the intermediate column 
(28) to conduit (21 ), optionally passing through liquid subcooler (27) and is fed to the low pressure column (19). 
Then, the nitrogen-rich liquid produced in step a) is fed via conduit (23), optionally through liquid subcooler (27), 

10 to the low pressure column (19) as reflux. Thereafter, an oxygen-rich stream at the bottom of the low pressure column 
is recovered via conduit (25) from the column and fed through heat exchanging means (11) prior to ultimate recovery 
of gaseous oxygen product. 

Additionally, a nitrogen-rich stream at the top of the low pressure column is recovered via conduit (24), and op- 
tionally passed through liquid subcooler (27), and then necessarily passed through heat exchanging means (11), via 
is conduit (30) prior to ultimate recovery of gaseous nitrogen product. 

Figure 2 illustrates essentially the same process as is depicted in Figure 1, however, a side arm column (31) is 
used instead of intermediate column (28). The minor modification shown would be readily understood by the artisan 
in view of Figure 1 . The remaining elements depicted in Figure 2 are as depicted in Figure 1 . 

Figure 3 illustrates the general integration of an air separation facility with a power turbine in accordance with the 
20 present invention. As may be seen, a medium pressure nitrogen stream may be produced from the process to be fed 
to an intermediate compression stage to further improve the power savings. 

Generally, a feed stream containing at least nitrogen and oxygen is fed through a compressor (31 0) through input 
means (1) and a portion thereof is then fed through conduit (311) and conduit (326) to a combustion chamber. The 
remaining portion of the feed stream, such as atmospheric air is fed via conduits (312) and (313) to cooling and puri- 
ss fication means (31 5). At this stage, the feed stream may be enhanced by using an auxiliary compressing means (31 4) 
using a feed stream also containing at least oxygen and nitrogen, such as atmospheric air. This auxiliary feed stream 
is also passed through cooling and purification means (315). 

Then, the feed stream passing through conduit (12) is fed to the feed stream separation facility wherein a nitrogen 
stream, a medium-pressure nitrogen stream (MPN 2 ) and a gaseous oxygen stream are produced. The nitrogen stream 
30 and medium pressure nitrogen stream exit via conduits (30) and (26), respectively, and are fed, respectively, through 
compression stages (323) and (324) and then to conduit (325) for feeding into combustion chamber (327). Fuel is 
introduced to the combustion chamber (327) via conduit (328). Then, hot gas from the combustion chamber is fed via 
conduit (329) to gas turbine (331 ), whereinafter a portion of the hot exhaust is used to drive a power turbine (331 ) and 
the remaining portion is fed to conduit (332) for venting. Power will be generated in generator (330). 
35 Additionally, although not depicted in Figure 3, the exhaust in conduit (332) may be utilized to generate steam for 

power generation. 

In more detail, a gas turbine arrangement may be used wherein compressed feed air or compressed mixtures 
containing nitrogen and oxygen are mixed with fuel and combusted. In essence, compressed nitrogen derived by 
separation in any kind of cryogenic "cold box" is injected into a combustion chamber to control the pressure in the 
40 combustion chamber and to minimize the formation of nitrogen oxides (NO x ). 

The hot combustion mixture can also be quenched with nitrogen gas and the resulting gaseous mixture is then 
expanded in a power turbine for power recovery. Exhaust gas from the gas turbine is usually then passed to a steam 
generator where the residual heat is recovered for steam production. The steam produced may be used in othersections 
of the process or can be further expanded in the steam turbines to recover the additional power. 
45 An apparatus for generating steam for power generation, entails: 

a) feed stream input means upstream of a combustion chamber for inputting a compressed feed stream containing 
at least nitrogen and oxygen to a combustion chamber, 

b) a combustion chamber having fuel input means, 

50 c) an apparatus for producing oxygen and nitrogen from a feed stream containing at least oxygen and nitrogen, 

which comprises a triple rectification column comprising a higher pressure column having feed stream input means, 
heat exchange means joining the upper end of the higher pressure column and the lower end of both a low pressure 
and an intermediate column, separate conduit means for feeding nitrogen-rich liquid from the higher pressure 
column to the lower pressure column and oxygen-rich liquid to the intermediate column, separate conduit means 

55 for feeding the products of the intermediate column to the low pressure column as feeds, separate conduit means 

for discharging nitrogen-rich gas from the low pressure column, separate conduit means for discharging an oxygen- 
rich stream from the low pressure column and wherein the top of the intermediate column is in heat exchange 
relation with the low pressure column at a location above a bottom reboiler of the low pressure column, the appa- 
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ratus having at least one separate conduit for feeding nitrogen to the combustion chamber and separate conduit 
means for gaseous oxygen product, 

d) a power turbine downstream of the combustion chamber in fluid connection therewith, and 

e) generating means driven by the power turbine. 

s 

As indicated above, exhaust gas from the power turbine is usually passed to the steam generator where residual 
heat is recovered for steam production. 

As indicated above, exhaust gas from the power turbine is usually passed to the steam generator where residual 
heat is recovered for steam production. 
10 A process for generating steam for power generation, entails: 

a) feeding a first fraction of a feed stream containing at least nitrogen and oxygen, and fuel to a combustion cham- 
ber, 

b) feeding at least the remaining portion of the feed stream to a cryogenic apparatus wherein the feed stream is 
is cooled, cleaned and dried and oxygen and nitrogen separated therefrom, 

c) passing hot exhaust gas from the combustion chamber to a gas turbine downstream of the combustion chamber 
and in fluid connection therewith, and 

d) passing exhaust gas from the gas turbine to a steam generator to recover residual heat for steam production. 

20 Notably, in the above process, oxygen and nitrogen are separated from the feed stream using the present cryogenic 

process. Further, in the process of generating steam, a fraction of feed stream, such as air, going to the process is 
obtained from a compressor means driven by a gas turbine. 

As a fuel, while any fuel may be used, it is advantageous to use a gasification means, such as a coal gasifier, to 
generate a fuel gas mixture of H 2 , CO and CH 4 , for example, which results from feeding oxygen from a cryogenic 

25 pressure at a pressure of about 20-35 bar to the coal gasifier. The resulting fuel is fed to the combustion chamber. 

The cryogenic process also furnishes nitrogen to the combustion chamber at a pressure of about 8-20 bar, i.e., 
such as about f 6 bar. Notably, in furnishing nitrogen to the combustion chamber, the mass balance can be restored 
from the depletion resulting from the extraction of air for the cryogenic feed stream. 

In Figure 4, an alternative arrangement is depicted wherein the condenser of the intermediate column is detached 

30 from the low pressure column. Figure 4 illustrates essentially the same process as is depicted in Figure 1 , however, 
the condenser of the intermediate column (28) is detached from the low pressure column (19). This condenser is fed 
by a fraction of the liquid produced at the bottom of the intermediate column. The minor modifications shown would be 
readily understood by the artisan in view of Figure 1 . 

Figure 5 illustrates the McCabe-Thiele diagrams for the present three-column process and the conventional two- 

35 column process, clearly showing the advantageous nature of the present process. 

The apparatus depicted in Figure 1 may be described as an apparatus for producing oxygen and nitrogen having 
three distillation columns, which comprises a triple fractionating means comprising a higher pressure column having 
feed stream input means, heat exchange means joining the upper end of the higher pressure column and the lower 
end of both a low pressure and an intermediate column, separate conduit means for feeding nitrogen-rich liquid from 

40 the higher pressure column to the lower pressure column and oxygen-rich liquid to the intermediate column, separate 
conduit means for feeding the products of the intermediate column to the low pressure column as feeds, separate 
conduit means for discharging nitrogen-rich gas from the low pressure column, separate conduit means for discharging 
oxygen product from the low pressure column, and wherein the top of the intermediate column is in heat exchange 
relation with the low pressure column at a location above a bottom reboiler of the low pressure column. 

45 The apparati of Figure 2 may be described similarly as Figure 1 as an apparatus for producing oxygen and nitrogen 

having three distillation columns, which entails a triple rectification column comprising a higher pressure column having 
feed stream input means, heat exchange means joining the upper end of the higher pressure column and the lower 
end of both a low pressure and an intermediate column, separate conduit means for feeding nitrogen-rich liquid from 
the higher pressure column to the lower pressure column and oxygen-rich liquid to the intermediate column, separate 

so conduit means for feeding the products of the intermediate column to the low pressure column as feeds, separate 
conduit means for discharging nitrogen-rich gas from the low pressure column, separate conduit means for discharging 
an oxygen-rich stream from the low pressure column, separate conduit means for transferring liquid produced at the 
bottom of the intermediate column to the overhead of the intermediate column and separate conduit means for feeding 
resulting vaporized liquid from the overhead condenser to the low pressure column. 

55 The apparati of Figure 4 may also be described similarly except that the side arm intermediate column is not in 

heat exchange relation with the low pressure column. Separate conduit means is provided to feed the liquid produced 
at the bottom of the intermediate column to its overhead condenser. The respective arrangements may be readily 
appreciated from Figure 4. 
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Claims 

1 . A cryogenic distillation process for the production of oxygen and nitrogen, which comprises : 

s a) cooling at least a fraction of a cleaned and dried feed stream (10) containing at least oxygen and nitrogen 

and introducing the same into a high pressure column (1 3), and separating the same into nitrogen-rich stream 
at the top of the column and an oxygen-rich stream (20) at the bottom of the column, wherein the overhead 
of the high pressure column (13) exchanges heat with both the bottom of a low pressure column (19) and the 
bottom of an intermediate pressure column (28, 31) ; 

10 b) introducing at least a fraction of the oxygen-rich stream (20) into said intermediate pressure column (28, 

31) to afford a top liquid fraction (22,A) and a bottom liquid fraction (21 , B), the pressure of the intermediate 
column being lower than that of the high pressure column but higher than that of the low pressure column ; 

c) introducing at least a fraction (22) of the liquid fractions A and B into the low pressure column as feed ; 

d) feeding at least a fraction of the nitrogen-rich stream of step a) to the low pressure column as reflux, and 
15 e) recovering an oxygen-rich stream product (25) at the bottom of the low pressure column and a nitrogen- 
rich stream (24) at the top of the low pressure column, characterized in that it comprises condensing the top 
gaseous fraction of the intermediate column (28, 31) in a condenser (29) located either in the low pressure 
column above a bottom reboiler (30) of the low pressure column or at the top of the intermediate pressure 
column to provide reflux for the intermediate pressure column. 

20 

2. A cryogenic distillation process according to Claim 1 , wherein all or a fraction of the air feed stream (1 0) is provided 
from a combustion chamber feed stream. 

3. A cryogenic distillation process according to one of Claims 1 or 2, which further comprises recompressing at least 
25 a fraction of the nitrogen-rich stream of step e) for further use in an associated process. 

4. A cryogenic distillation process according to Claim 3, wherein said recompressed nitrogen-rich stream is mixed 
with air feed to a power turbine (30) upstream of a combustion chamber (327) before expansion for power recovery. 

30 5. A cryogenic distillation process according to Claim 3, wherein said recompressed nitrogen-rich stream is injected 
into a combustion chamber (327) of a power turbine (331). 

6. A cryogenic distillation process according to Claim 3, wherein said recompressed nitrogen-rich stream is mixed 
with hot gas exiting a combustion chamber (327) of a power turbine (331) for power recovery. 

35 

7. A cryogenic distillation process according to one of Claims 1 to 6, wherein said feed stream of clean and dry 
compressed air is at a pressure in the range of about 8-20 bar absolute. 

8. A cryogenic distillation process according to Claim 7, wherein said pressure is in the range of 1 0-1 8 bar absolute. 

9. A cryogenic distillation process according to one of Claims 1 to 8, wherein said intermediate column (28) is operated 
at a pressure in the range of about 3-15 bar absolute. 

10. A cryogenic distillation process according to Claim 9, wherein said pressure of said intermediate column (28) is in 
45 the range of about 5-1 3 bar absolute. 

11. A cryogenic distillation process according to one of Claims 1 to 10, wherein the low pressure column (19) is operated 
at a pressure in the range of about 1 -8 bar absolute. 

50 12. A cryogenic distillation process according to Claim 11 , wherein said pressure of said low pressure column is in the 
range of about 2-7 bar absolute. 

1 3. A cryogenic distillation process according to one of Claim 3 to 1 2, wherein at least a fraction of said recompressed 
nitrogen-rich stream is heated in an associated process before being expanded in a power turbine (331) for power 

55 recovery. 

14. A cryogenic distillation process according to one of Claims 1 to 13, which further comprises treating at least a 
fraction (20, 20a) of the oxygen-rich liquid stream in the intermediate column (28). 
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1 5. A cryogenic distillation process according to one of Claims 1 to 1 4 comprising feeding a fraction (32) of said bottom 
liquid fraction to the condenser at the top of the intermediate column (31). 

16. A cryogenic distillation process according to Claim 15 comprising feeding a vaporized portion of said bottom liquid 
s fraction to the low pressure column (1 9). 

17. An apparatus for producing oxygen and nitrogen using a triple rectification column comprising a high pressure 
column (1 3) having a feed stream input (12), heat exchange means connecting the upper end of the high pressure 
column (13) with the lower end of both a low pressure column (19) and an intermediate pressure column (28, 31), 

separate conduit means (23, 20) for feeding nitrogen-rich liquid from the high pressure column to the low 
pressure column and an oxygen-rich liquid to the intermediate pressure column, 

separate conduit means (21 , 22) for feeding an oxygen-rich liquid product and a nitrogen-rich gaseous product 
of the intermediate pressure column to the low pressure column as feeds, 
'5 separate conduit means (24, 25) for discharging nitrogen-rich gas and an oxygen-rich stream from the low 

pressure column, 

characterized in that it comprises 

20 - condensing means (29) for condensing the nitrogen-rich top gaseous fraction from the intermediate pressure 

column (28, 31) located either in the low pressure column above a bottom reboiler (30) of the low pressure 
column or at the top of the intermediate pressure column (28). 

18. An apparatus according to claim 17, comprising means for sending at least part of the condensed overhead gas 
25 to the intermediate pressure column (28, 31 ). 

1 9. An apparatus according to one of claims 1 7 or 1 8, comprising means (14,16,18) for sending part of the feed stream 
to the low pressure column (1 9). 

30 

Patentanspruche 

1. Tieftemperatur-Destillationsverfahren zur Herstellung von Sauerstoff und Stickstoff, mit folgenden Schritten: 

35 a) Kuhlen zumindest eines Teils eines gereinigten und getrockneten Zustroms (10), der zumindest Sauerstoff 

und Stickstoff enthalt, und Einleiten desselben in eine Hochdruckkolonne (13) und Zerlegen desselben in 
einen stickstoffreichen Strom an der Spitze der Kolonne und einen sauerstoffreichen Strom (20) am Sumpf 
der Kolonne, wobei der obere Teil der Hochdruckkolonne (13) sowohl mit dem Sumpf einer Niederdruckko- 
lonne (19) als auch mit dem Sumpf einer Mitteldruckkolonne (28, 31) im Warmeaustausch steht; 

40 

b) Einleiten zumindest eines Teils des sauerstoffreichen Stroms (20) in die Mitteldruckkolonne (28, 31) zur 
Erzeugung einer flussigen Kopffraktion (22, A) und einer flussigen Bodenfraktion (21 , B), wobei der Druck der 
Mittelkolonne geringer als jener der Hochdruckkolonne, aber hoher als jener der Niederdruckkolonne ist; 

45 c) Einspeisen zumindest eines Teils (22) der flussigen Fraktionen A und B in die Niederdruckkolonne; 

d) Zufuhren zumindest eines Teils des stickstoffreichen Stroms von Schritt a) zu der Niederdruckkolonne als 
RuckfluR, und 

so e) Zuruckgewinnen eines sauerstoffreichen Produktstroms (25) am Sumpf der Niederdruckkolonne und eines 

stickstoffreichen Stroms (24) am Kopf der Niederdruckkolonne, dadurch gekennzeichnet, daB die gasformige 
Kopffraktion der Mitteldruckkolonne (28, 31) in einem Kondensator (29) kondensiert wird, der sich entweder 
in der Niederdruckkolonne oberhalb eines Sumpf -Aufkochers (30) der Niederdruckkolonne Oder am Kopf der 
Mitteldruckkolonne befindet, urn einen RQckfluB fur die Mitteldruckkolonne bereitzustellen. 

55 

2. Tieftemperatur-Destillationsverfahren nach Anspruch 1 , bei dem der gesamte Luftzustrom (10) oder ein Teil davon 
von einem Speisestrom einer Verbrennungskammer geliefert wird. 
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3. Tieftemperatur-Destillationsverfahren nach einem der Anspruche 1 Oder 2, das auBerdem das Nachverdichten 
zumindest eines Teils des stickstoffreichen Stroms von Schritt e) zur Weiterverwendung in einem zugeordneten 
Verfahren umfa3t. 

4. Tieftemperatur-Destillationsverfahren nach Anspruch 3, bei dem der nachverdichtete, stickstoffreiche Strom mit 
der Speiseluft einer Leistungsturbine (30) stromauf einer Brennkammer (327) vor Expansion zur Leistungsruck- 
gewinnung vermischt wird. 

5. Tieftemperatur-Destillationsverfahren nach Anspruch 3, bei dem der nachverdichtete, stickstoffreiche Strom in 
eine Brennkammer (327) einer Leistungsturbine (331) eingeleitet wird. 

6. Tieftemperatur-Destillationsverfahren nach Anspruch 3, bei dem der nachverdichtete, stickstoffreiche Strom mit 
HeiBgas, das aus einer Brennkammer (327) einer Leistungsturbine (331) zur Leistungsruckgewinnung austritt, 
vermischt wird. 

7. Tieftemperatur-Destillationsverfahren nach einem der Anspruche 1 bis 6, bei dem der Speisestrom von reiner und 
trockener, verdichteter Luft einen Druck im Bereich von etwa 8-20 bar absolut aufweist. 

8. Tieftemperatur-Destillationsverfahren nach Anspruch 7, bei dem der Druck im Bereich von 10-18 bar absolut liegt. 

9. Tieftemperatur-Destillationsverfahren nach einem der Anspruche 1 bis 8, bei dem die Mitteldruckkolonne (28) bei 
einem Druck im Bereich von etwa 3-15 bar absolut betrieben wird. 

10. Tieftemperatur-Destillationsverfahren nach Anspruch 9, bei dem der Druck der Mitteldruckkolonne (28) im Bereich 
von etwa 5-1 3 bar absolut liegt. 

11. Tieftemperatur-Destillationsverfahren nach einem der Anspruche 1 bis 10, bei dem die Niederdruckkolonne (19) 
bei einem Druck im Bereich von etwa 1-8 bar absolut betrieben wird. 

12. Tieftemperatur-Destillationsverfahren nach Anspruch 11, bei dem der Druck der Niederdruckkolonne im Bereich 
von etwa 2-7 bar absolut liegt. 

1 3. Tieftemperatur-Destillationsverfahren nach einem der Anspruche 3 bis 1 2, bei dem zumindest ein Teil des genann- 
ten nachverdichteten, stickstoffreichen Stroms in einem zugeordneten Verfahren vor Expansion in einer Leistungs- 
turbine (331) zur Leistungsruckgewinnung erwarmt wird. 

14. Tieftemperatur-Destillationsverfahren nach einem der Anspruche 1 bis 13, das auBerdem das Behandeln zumin- 
dest eines Teils (20, 20a) des sauerstoffreichen, flussigen Stroms in der Mitteldruckkolonne (28) umfaBt. 

15. Tieftemperatur-Destillationsverfahren nach einem der Anspruche 1 bis 14, umfassend das Zufuhren eines Teils 
(32) der flussigen Bodenfraktion zu dem Kondensator am Kopf der Mitteldruckkolonne (31). 

16. Tieftemperatur-Destillationsverfahren nach Anspruch 15, umfassend Zufuhren eines verdampften Anteils der flus- 
sigen Bodenfraktion zu der Niederdruckkolonne (19). 

17. Vorrichtung zur Herstellung von Sauerstoff und Stickstoff unter Verwendung einer Dreifach-Rektifizierkolonne, 
umfassend eine Hochdruckkolonne (13) mit einem Zustrom (12), Vorrichtungen zum Warmeaustausch, die das 
obere Ende der Hochdruckkolonne (13) mit dem unteren Ende sowohl einer Niederdruckkolonne (19) als auch 
einer Mitteldruckkolonne (28, 31) verbinden, 

separate Rohrleitungen (23, 20) zur Zufuhrung von stickstoffreicher Flussigkeit aus der Hochdruckkolonne zu 
der Niederdruckkolonne und von sauerstoffreicher Flussigkeit zu der Mitteldruckkolonne, 

separate Rohrleitungen (21 , 22) zur Zufuhrung eines sauerstoffreichen, flussigen Produkts und eines stick- 
stoffreichen, gasformigen Produkts von der Mitteldruckkolonne zu der Niederdruckkolonne als Speisestrome, 

separate Rohrleitungen (24, 25) zur Entnahme von stickstoffreichem Gas und einem sauerstoffreichen Strom 
aus der Niederdruckkolonne, 
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dadurch gekennzeichnet, da(3 sie umfaBt: 

Kondensiervorrichtungen (29) zum Kondensieren der stickstoffreichen, gasformigen Kopffraktion aus der Mit- 
teldruckkolonne (28, 31), die sich entweder in der Niederdruckkolonne oberhalb eines Sumpf-Aufkochers (30) 
s der Niederdruckkolonne oder am Kopf der Mitteldruckkolonne (28) befinden. 

18. Vorrichtung nach Anspruch 17, umfassend Mittel zum Einleiten zumindest eines Teils der kondensierten Kopfgas- 
fraktion in die Mitteldruckkolonne (28, 31). 

10 19. Vorrichtung nach einem der Anspruche 17 oder 18, umfassend Mittel (14, 16, 18) zum Einleiten eines Teils des 
Zustroms in die Niederdruckkolonne (19). 



Revendications 

75 

1 . Procede de distillation cryogenique pour la production d'oxygene et d'azote, qui comprend: 

a) le refroidissement d'au moins une fraction d'un courant d'alimentation epure et seche (10) contenant au 
moins de I'oxygene et de I'azote, et introduction de celle-ci dans une colonne sous haute pression (13), et la 

20 separation de celle-ci en un courant riche en azote en haut de la colonne et un courant riche en oxygene (20) 

en bas de la colonne, ou la tete de la colonne sous haute pression (13) echange de la chaleur avec a la fois 
le bas d'une colonne sous basse pression (19) et le bas d'une colonne sous pression intermediaire (28, 31); 

b) I'introduction d'au moins une fraction du courant riche en oxygene (20) dans ladite colonne sous pression 
intermediaire (28, 31) pourfournir une fraction liquids superieure (22, A) et une fraction liquide inferieure (21, 

25 B), la pression de la colonne intermediaire etant inferieure a celle de la colonne sous haute pression mais 

superieure a celle de la colonne sous basse pression; 

c) I'introduction d'au moins une fraction (22) des fractions liquides A et B dans la colonne sous basse pression 
en tant qu'alimentation; 

d) Palimentation de la colonne sous basse pression avec au moins une fraction du courant riche en azote de 
so I'etape a) au reflux, et 

e) la recuperation d'un produit consistant en un courant riche en oxygene (25) en bas de la colonne sous 
basse pression et d'un courant riche en azote (24) en haut de la colonne sous basse pression, caracterise en 
ce qu'il comprend la condensation de la fraction gazeuse superieure de la colonne intermediaire (28, 31 ) dans 
un condenseur (29) situe soit dans la colonne sous basse pression au-dessus d'un rebouilleur inferieur (30) 

35 de la colonne sous basse pression ou en haut de la colonne sous pression intermediaire pour fournir le reflux 

pour la colonne sous pression intermediaire. 

2. Procede de distillation cryogenique selon la revendication 1, dans lequel la totalite ou une fraction du courant 
d'alimentation d'air (10) est fournie a partir d'un courant d'alimentation de chambre de combustion. 

3. Procede de distillation cryogenique selon I'une des revendications 1 ou 2, qui comprend en outre la recompression 
d'au moins une fraction du courant riche en azote de I'etape e) pour une utilisation ulterieure dans un procede 
associe. 

45 4. Procede de distillation cryogenique selon la revendication 3, dans lequel ledit courant riche en azote recomprime 
est melange avec une alimentation d'air dans une turbine de puissance (30) en amont d'une chambre de combus- 
tion (327) avant la detente pour une recuperation de puissance. 

5. Procede de distillation cryogenique selon la revendication 3, dans lequel ledit courant riche en azote recomprime 
50 est injecte dans une chambre de combustion (327) d'une turbine de puissance (331). 

6. Procede de distillation cryogenique selon la revendication 3, dans lequel ledit courant riche en azote recomprime 
est melange avec du gaz chaud sortant d'une chambre de combustion (327) d'une turbine de puissance (331) 
pour une recuperation de puissance. 

55 

7. Procede de distillation cryogenique selon I'une des revendications 1 a 6, dans lequel ledit courant d'alimentation 
d'air comprime pur et sec est a une pression dans le domaine d'environ 8-20 bars absolus. 
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8. Procede de distillation cryogenique selon la revendication 7, dans lequel ladite pression est dans le domaine de 
10-18 bars absolus. 

9. Procede de distillation cryogenique selon I'une des revendications 1 a 8, dans lequel ladite colonne intermediaire 
5 (28) fonctionne a une pression dans le domaine d'environ 3-15 bars absolus. 

10. Procede de distillation cryogenique selon la revendication 9, dans lequel ladite pression de ladite colonne inter- 
mediaire (28) est dans le domaine d'environ 5-13 bars absolus. 

10 11. Procede de distillation cryogenique selon I'une des revendications 1 a 10, dans lequel la colonne sous basse 
pression (19) fonctionne a une pression dans le domaine d'environ 1-8 bars absolus. 

12. Procede de distillation cryogenique selon la revendication 11, dans lequel ladite pression de ladite colonne sous 
basse pression est dans le domaine d'environ 2-7 bars absolus. 

75 

13. Procede de distillation cryogenique selon I'une des revendications 3 a 12, dans lequel au moins une fraction dudit 
courant riche en azote recomprime est chauffee dans un procede associe avant d'etre detendue dans une turbine 
de puissance (331) pour une recuperation de puissance. 

20 14. Procede de distillation cryogenique selon I'une des revendications 1 a 13, qui comprend en outre le traitement 
d'au moins une fraction (20, 20a) du courant liquide riche en oxygene dans la colonne intermediaire (28). 

1 5. Procede de distillation cryogenique selon I'une des revendications 1 a 14, comprenant I'alimentation du condenseur 
en haut de la colonne intermediaire (31) avec une fraction (32) de ladite fraction liquide inferieure. 

16. Procede de distillation cryogenique selon la revendication 15, comprenant I'alimentation de la colonne sous basse 
pression (19) avec une portion vaporisee de ladite fraction iiquide inferieure. 

1 7. Appareil pour la production d'oxygene et d'azote utilisant une triple colonne de rectification comprenant une colonne 
so sous haute pression (1 3) ayant une entree de courant d'alimentation (12), des moyens d'echange de chaleur reliant 

I'extremite superieure de la colonne sous haute pression (13) a I'extremite inferieure a la fois d'une colonne sous 
basse pression (19) et d'une colonne sous pression intermediaire (28, 31), 

des moyens de conduite distincts (23, 20) pour I'alimentation de la colonne sous basse pression avec du 
35 liquide riche en azote provenant de la colonne sous haute pression, et de la colonne sous pression interme- 

diaire avec un liquide riche en oxygene, 

des moyens de conduite distincts (21, 22) pour I'alimentation de la colonne sous basse pression avec un 
produit liquide riche en oxygene et un produit gazeux riche en azote de la colonne sous pression intermediaire 
en tant qu'alimentations, 

40 des moyens de conduite distincts (24, 25) pour la decharge d'un gaz riche en azote et d'un courant riche en 

oxygene a partir de la colonne sous basse pression, 

caracterise en ce qu'il comprend 

45 - un moyen de condensation (29) pour ia condensation de ia fraction gazeuse superieure riche en azote pro- 

venant de la colonne sous pression intermediaire (28, 31 ) situe soit dans la colonne sous basse pression au- 
dessus d'un rebouilleur inferieur (30) de la colonne sous basse pression ou en haut de la colonne sous pression 
intermediaire (28). 

so 18. Appareil selon la revendication 17, comprenant des moyens pour envoyer au moins une partie du gaz de tete 
condense a la colonne sous pression intermediaire (28, 31). 

19. Appareil selon I'une des revendications 17 ou 18, comprenant des moyens (14, 16, 18) pour envoyer une partie 
du courant d'alimentation a la colonne sous basse pression (1 9). 
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